





























































































































Diese	 Dissertation	 wurde	 in	 der	 jetzigen	 oder	 einer	 ähnlichen	 Form	 noch	 bei	 keiner	
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Mechanical	 forces	 exerted	 by	 multiprotein	 machines	 are	 essential	 for	 many	 cellular	
processes.	 One	 of	 the	 best-studied	 examples	 is	 membrane	 reshaping	 during	 clathrin-
mediated	 endocytosis,	 a	 principal	 vesicle	 trafficking	 route	 responsible	 for	 molecular	
uptake,	 signaling,	 and	membrane	homeostasis.	During	endocytosis,	 a	 small	 area	of	 the	
plasma	membrane	reshapes	from	a	flat	sheet	to	a	closed	vesicle.	This	reshaping	requires	
mechanical	 force,	 which	 is	 provided	 by	 multiple	 endocytic	 proteins	 and	 actin	




To	 achieve	 that,	 we	 used	 FRET	 (Förster	 Resonance	 Energy	 Transfer)	 tension	 sensors	









endocytic	 actin	 cytoskeleton,	 less	 force	was	 transmitted	over	 the	 force	sensor	prior	 to	











In	 addition,	 we	 analyzed	 the	 role	 of	 physical	 conditions	 in	 force-dependent	 steps	 of	
endocytosis.	First,	we	counteracted	the	high	turgor	pressure	of	 the	yeast	cytoplasm	by	
exposing	 cells	 to	 hypertonic	 conditions.	We	 observed	 an	 overall	 decrease	 in	 the	 force	
required	for	membrane	invagination.	Similarly,	we	reduced	plasma	membrane	tension	by	
incorporation	 of	 soluble	 lipid	 into	 the	 membrane	 and	 again	 detected	 less	 force	
transmitted	over	the	Sla2	 force	sensor.	We	also	analyzed	the	capacity	of	 the	endocytic	
force-generating	machinery	 in	hypotonic	 conditions,	which	 should	 increase	 cell	 turgor	
opposing	 endocytosis.	We	 exposed	 cells	 to	 increasing	 osmotic	 shifts	 and	 observed	 an	
increase	in	number	of	arrested	endocytic	sites.	When	we	followed	force	transmission	of	
remaining	completed	endocytic	events,	we	detected	force	similar	to	untreated	cells.	The	











Mechanische	 Kräfte,	 die	 von	 Multiproteinkomplexen	 ausgeübt	 werden,	 sind	 für	 viele	
zelluläre	 Prozesse	 unerlässlich.	 Eines	 der	 am	 besten	 untersuchten	 Beispiele	 ist	 die	
Membranumformung	während	der	Clathrin-vermittelten	Endozytose,	 einem	Hauptweg	
des	 Vesikeltransports,	 welcher	 für	 die	 molekulare	 Aufnahme,	 Signalübertragung	 und	
Membranhomöostase	verantwortlich	ist.	Während	der	Endozytose	formt	sich	ein	kleiner	
Bereich	 der	 Plasmamembran	 von	 einer	 flachen	 Oberfläche	 zu	 einem	 geschlossenen	
Vesikel	um.	Diese	Einstülpung	erfordert	mechanische	Kraft,	welche	durch	verschiedene	






Um	 dies	 zu	 erreichen,	 haben	 wir	 FRET	 (Förster-Resonanzenergietransfer)-basierte	
Spannungssensoren	(Freikamp	et	al.,	2016)	verwendet,	welche	die	Messung	von	Kräften	
in	 der	 Größenordnung	 von	 Pikonewton	 (pN)	 in	 vivo	 erlauben,	 und	 diese	 in	 das	
Hefeprotein	Sla2	eingefügt.	Sla2	ist	Teil	des	essentiellen	Proteinlinkers	Sla2-Ent1	(Hip1R-
epsin	 1-3	 beim	 Menschen),	 der	 die	 Kraft	 des	 polymerisierenden	 Aktin-Zytoskeletts	
während	der	Endozytose	auf	die	Plasmamembran	überträgt	(Skruzny	et	al.,	2012,	2015).	
Durch	Verfolgung	der	über	Sla2	vermittelten	Kräfte	in	Echtzeit	während	verschiedener	
endozytotischer	 Vorgänge	 konnten	 wir	 eine	 Kraft	 von	 ca.	 10	 pN	 pro	 Sla2	 Molekül	
ermitteln,	was	in	etwa	450-1330	pN	pro	endozytotischem	Ereignis	entspricht.	
Im	 Anschluss	 analysierten	 wir	 die	 Rolle	 des	 Aktin-Zytoskeletts	 und	 verfolgten	 die	
Kraftübertragung	 in	 Zellen,	 in	 denen	 der	 negative	Regulator	 der	Aktin-Polymerisation	
Bbc1	 abwesend	 war.	 Vor	 der	 Vesikelspaltung	 wurde	 in	 diesen	 Zellen	 trotz	 des	
vergrößerten	 endozytotischen	 Aktin-Zytoskeletts	 weniger	 Kraft	 über	 den	 Sensor	
übertragen.	Wir	 schlagen	 vor,	 dass	 ein	Überschuss	 an	 dichtem	Aktingeflecht	 in	bbc1Δ	
Zellen	direkt	die	lange	 invaginierende	Membran	physikalisch	umbildet.	Zum	Abschluss	











Weiterhin	 analysierten	wir	 die	 Rolle	 physikalischer	 Bedingungen	 bei	 kraftabhängigen	
Schritten	 der	 Endozytose.	 Nach	 Erniedrigung	 des	 hohen	 Turgordrucks	 des	
Hefezytoplasmas,	herbeigeführt	durch	Inkubation	der	Zellen	in	hypertonischem	Medium,	
beobachteten	 wir	 eine	 allgemeine	 Abnahme	 der	 für	 die	 Membraninvagination	




hypotonen	 Bedingungen,	 welche	 den	 Zellturgor	 erhöhen	 und	 damit	 die	 Endozytose	
erschweren	 sollten.	Hierzu	 setzten	wir	 die	 Zellen	 einer	Veränderung	 der	 osmotischen	
Bedingungen	 aus	 und	 beobachteten	 eine	 Zunahme	 von	 arretierten	 endozytotischen	
Ereignissen.	 Eine	 Analyse	 der	 Kraftübertragung	 der	 verbliebenen	 abgeschlossenen	
Endozytosen	 ergab	 Kräfte,	 welche	 vergleichbar	 zu	 unbehandelten	 Zellen	 waren.	 Die	




der	 endozytischen	 Vesikelbildung	 dienen,	 welches	 für	 ein	 Verständnis	 der	
Funktionsweise	 der	 endozytischen	 Maschinerie	 unter	 physiologischen	 und	
pathologischen	Bedingungen	unerlässlich	ist.	Darüber	hinaus	könnten	unsere	Daten	sehr	








Clathrin-mediated	 endocytosis	 is	 the	 principal	 trafficking	 route	 from	 the	 plasma	
membrane	to	the	cytoplasm.	 It	 is	essential	 for	many	processes	 including	hormone	and	
nutrient	 uptake,	 recycling	 of	 plasma	 membrane	 components	 (e.g.	 after	
neurotransmission),	and	regulation	of	many	cellular	signaling	pathways	(McMahon	and	
Boucrot,	2011).	Moreover,	some	pathogens	such	as	viruses	use	the	endocytic	machinery	
to	 reach	 the	 intracellular	 compartments	 for	 infection	 and	 replication	 (Cossart	 and	
Helenius,	2014).			
During	endocytosis,	a	small	region	of	plasma	membrane	reshapes	 from	an	 initially	 flat	
sheet	to	a	closed	vesicle	transporting	membrane	constituents	and	extracellular	molecules	
into	the	cell.	This	process	is	accomplished	by	the	sequential,	highly	orchestrated	assembly	
of	 ~50	different	 endocytic	 proteins	 at	 the	 endocytic	 site,	 which	 assemble	 following	 a	






The	 endocytic	machinery	 assembles	 at	 the	 endocytic	 site	 by	 recruitment	 of	 endocytic	
proteins	present	in	the	cytosol	in	a	highly	regular	sequence	in	which	proteins	arrive	and	







immunoelectron	 microscopy	 of	 the	 endocytic	 site	 in	 yeast	 found	 that	 these	 modules	
organize	in	different	zones	around	the	incipient	vesicle	according	to	their	function	(Idrissi	




for	 initiation	 of	 endocytosis,	 cargo	 recruitment,	 and	 it	 is	 involved	 in	 the	 first	 steps	 of	
membrane	 bending	 in	 mammalian	 cells.	 Coat	 proteins	 initially	 assemble	 on	 the	 flat	
plasma	membrane	where	they	are	thought	to	interact	and	concentrate	extracellular	cargo	
molecules.	 Some	 coat	 adaptors	 form	 a	 protein	 coat	 below	 the	membrane	 that	 assists	
membrane	reshaping	and	invagination,	and	provide	the	molecular	scaffold	for	the	other	
modules	 to	 be	 recruited	 to	 the	 plasma	membrane	 at	 the	 endocytic	 site	 (e.g.	 proteins	
responsible	to	activate	actin	polymerization).	










BAR-domain	 proteins	 Rvs161	 and	 Rvs167	 bind	 to	 the	 curved	 membrane	 when	 the	







proteins	 such	 as	 endophilin	 and	 amphiphysin	 cooperate	with	 the	 GTPase	 dynamin	 to	
mediate	scission.
The	 last	 module	 is	 the	 uncoating	 module.	 Chaperones,	 protein	 kinases	 and	 lipid	
phosphatases	are	included	in	this	module	and	they	are	responsible	for	disassembling	the	
endocytic	proteins	from	the	vesicle	and	recycle	them	for	another	endocytic	event.	This	is	




first	 endocytic	 proteins	 at	 the	 plasma	membrane	Ede1,	 Syp1,	 AP-2	 complex,	 and	Pal1	












cases	 it	 is	 regulated	 and	 repeatedly	 occurs	 at	 certain	 regions	 of	 the	 cell,	 such	 as	 the	
budding	daughter	cell	in	yeast	or	neuron	synapse.	The	non-random	distribution	of	certain	
endocytic	 events	 suggests	 certain	 endocytosis-promoting	 properties,	 such	 as	
concentration	 of	 specific	 lipids	 or	 endocytic	 cargoes.	 For	 instance,	 many	 endocytic	
adaptors,	 including	 actin-binding	 adaptors	 Sla2	 and	Ent1,	 are	 recruited	 to	 the	 plasma	
membrane	 in	 a	 phosphatidylinositol	 4,5-bisphosphate	 (PI(4,5)P2)-	 dependent	manner	























endocytic	 coat	 through	 their	 N-terminal	 binding	 domain,	 ENTH	 (Epsin	 N-terminal	
homology).	 Sla2	 and	Ent1	 have	 been	 implicated	 in	 force	 transmission,	 connecting	 the	
plasma	membrane	with	 the	actin	network	at	 the	endocytic	 site	 (Skruzny	et	 al.,	 2012).	
Finally,	 two	 additional	mid	 coat	 proteins	 Yap1801	 and	Yap1802,	 despite	 their	 precise	




The	 transition	 from	mid	 to	 late	 coat	 is	 defined	 by	 the	 arrival	 of	 Pan1,	 End3	 and	 Sla1	
(supposedly	 intersectin-s	 in	 human),	 which	 have	 the	 ability	 to	 interact	 with	 several	


















The	 importance	 of	 actin	 polymerization	 in	 clathrin-mediated	 endocytosis	 was	 first	
observed	 using	 pharmacological	 agents	 perturbing	 the	 actin	 cytoskeleton.	 Studies	
performed	in	yeast	S.	cerevisiae	showed	that	actin	is	required	for	successful	progression	
of	 CME:	 both	 actin	 toxins	 latrunculin	A,	which	 binds	 to	 actin	monomers	 and	 prevents	
polymerization,	 and	 jasplakinolide,	 which	 stabilizes	 actin	 filaments	 and	 prevents	
depolymerization,	 blocked	 endocytosis	 completely	 (Ayscough	 et	 al.,	 1997;	 Ayscough,	
2000).	Contrary,	 actin	polymerization	appeared	 to	be	 less	 critical	 in	mammalian	 cells.	
Cells	treated	with	actin	toxins	showed	inhibited	endocytic	uptake	and	formation	of	coated	













(Kübler	 and	 Riezman,	 1993).	 The	 location	 of	 actin	 also	 indicates	 its	 major	 role	 in	
endocytosis.	Actin-rich	foci	on	the	plasma	membrane,	called	actin	patches,	are	locations	
of	 clathrin-mediated	 endocytosis	 events	 in	 yeast.	 These	 structures	 are	 very	 easily	
observed	 in	yeast	cells	because	they	 lack	cortical	actin	cytoskeleton.	Similarly,	 live-cell	
imaging	and	electron	microscopy	studies	showed	that	actin	filaments	are	often	associated	
with	coated	pits	in	mammalian	cells	(Merrifield	et	al.,	2002;	Shupliakov	et	al.,	2002;	Collins	
et	 al.,	 2011;	Akamatsu	et	 al.,	 2019).	Moreover,	many	studies	have	 shown	a	number	of	
protein-protein	interactions	between	the	endocytic	machinery	and	the	actin	cytoskeleton.	
These	 biochemical	 analyses	 indicate	 that	multiple	 endocytic	 proteins	 can	 be	 linked	 to	




reshape	 membranes	 is	 in	 a	 polarized	 polymer	 that	 forms	 filaments	 (F-actin).	 Actin	
monomers	 contain	 an	 ATP	 molecule,	 which	 allows	 them	 to	 assemble	 to	 an	 existing	
filament.	This	assembly	triggers	the	hydrolysis	to	ADP	and	release	of	a	phosphate	group.	
In	 order	 to	 produce	 force	 to	 reshape	 the	 membrane	 during	 endocytosis,	 actin	
polymerization	is	initiated	at	the	plasma	membrane	and	filaments	seem	to	grow	mainly	
perpendicular	 to	 the	 membrane	 towards	 the	 cytoplasm	 (Picco	 et	 al.,	 2015).	 Growing	
filaments	connected	to	the	plasma	membrane	transmit	the	force	required	to	reshape	the	
membrane	and	create	the	endocytic	invagination.	For	this	reason,	actin	polymerization	
regulators	are	essentially	 found	at	 the	base	of	 the	 invagination	(Kaksonen	et	al.,	2003,	





























antiparallel	 and	 orthogonal	manner	 to	 create	 a	 dense	 filaments	 network	with	distinct	







Clathrin-mediated	 endocytosis	 involves	 a	 series	 of	 morphological	 changes	 in	 the	
membrane	that	are	opposed	to	the	membrane	homeostatic	state:	cellular	lipid	bilayers	
composed	of	phospholipids	are	usually	flat	and	therefore	require	energy	to	be	reshaped.	
Membrane-bending	 stiffness	 and	 membrane	 tension,	 as	 well	 as	 cell	 turgor	 pressure,	
oppose	 endocytosis,	 making	 it	 an	 energetically	 high	 demanding	 process.	 The	 energy	
required	 to	 invaginate	 the	 membrane	 and	 create	 a	 vesicle	 depends	 therefore	 on	 the	
magnitude	of	these	parameters.		
Since	turgor	pressure	is	low	in	mammalian	cells,	the	largest	energetic	barrier	to	overcome	





possible	 without	 applying	 any	 external	 force	 and	 that	 endocytic	 proteins	 could	 be	
sufficient	to	create	a	vesicle	(Hassinger	et	al.,	2017).	In	yeast,	cell	turgor	pressure	is	high,	
around	0.4-0.8	MPa	(Schaber	et	al.,	2010),	approximately	200-1000	times	higher	than	for	







due	 to	 the	 different	 parameters	 considered	 for	 each	 of	 the	 simulations.	 However,	





















This	 difference	 in	 the	 energy	 required	 to	 invaginate	 the	 membrane	 might	 be	 an	
explanation	to	the	main	differences	between	endocytosis	in	yeast	and	mammalian	cells.	





fully	 understood,	 dynamin	 assembles	 around	 the	 neck	 of	 the	 endocytic	 invagination	
forming	 a	 spiral	 oligomeric	 scaffold.	 Upon	 GTP	 binding,	 the	 oligomer	 changes	
conformation,	 reducing	 its	 radius	 of	 curvature	 to	 10	 nm,	 therefore	 compressing	 the	
invagination	neck	(Antonny	et	al.,	2016).	Contrary	to	that,	the	role	of	dynamin	in	yeast	
cells	remains	unclear.	Whereas	some	studies	suggest	a	role	of	dynamin	yeast	homologue	









Apart	 from	 the	 actin	 cytoskeleton	 polymerizing	 at	 the	 endocytic	 site,	 several	 other	
endocytic	 factors	 are	 directly	 involved	 in	 force	 production	 by	 actively	 deforming	 the	










Clathrin	 triskelions,	 each	 composed	 of	 three	 heavy	 chains	 and	 three	 light	 chains,	
polymerize	 forming	 a	 cage	 that	 surrounds	 the	 endocytic	 vesicle.	 Despite	 not	 being	
completely	required,	clathrin	has	the	ability	to	induce	membrane	curvature	and	probably	
it	contributes	to	it.	Besides,	several	endocytic	proteins	contain	membrane-binding	BAR	
domains,	 which	 can	 both	 sense	 and	 induce	 membrane	 curvature.	 At	 low	 protein	
concentrations,	 most	 BAR	 domains	 only	 bind	 to	 bent	 membranes	 of	 their	 preferred	
curvature.	This	changes	when	they	are	present	at	high	concentration,	then	they	are	also	
able	 to	 generate	 membrane	 curvature.	 During	 clathrin-mediated	 endocytosis	 several	





















of	 endocytosis	 and	 their	 functional	 role	 vary	 depending	 on	 the	 force	 required	 to	















a	 highly	 organized	 coat	 on	 the	membrane	 essential	 for	 endocytosis.	 Disruption	 of	 the	
ANTH-ENTH	coat	by	point	mutations	in	either	of	these	domains	induces	a	strong	growth	
defect	 and	 endocytosis	 arrest	 (Skruzny	 et	 al.,	 2015).	 Second,	 their	 C-terminal	 actin-




transmission	of	mechanical	 force	 for	membrane	 invagination	 (Fig.	3).	Deletion	of	both	
THATCH	 and	 ACB	 domains	 induces	 strong	 endocytic	 arrest	 accompanied	 by	 actin	
polymerization	occurring	at	the	endocytic	site,	indicating	that	actin	polymerization	can	





Figure	 3	 Scheme	 of	 actin-driven	 endocytic	 internalization	 in	 yeast.	 (Left)	 Sla2-Ent1	 coat	 (in	 green)	 couples	 actin	
filaments	to	the	membrane	and	transmits	the	force	of	actin	polymerization	for	membrane	invagination.	(Right)	ANTH	





To	 mechanistically	 understand	 force-dependent	 endocytic	 vesicle	 formation,	 applied	
forces	need	to	be	analyzed	in	the	cellular	context	to	report	real	force	values	and	to	assess	
the	contribution	of	other	endocytic	factors	to	force	transmission.	To	achieve	this,	we	here	














quantum	yield	of	 the	donor,	 the	extinction	 coefficient	of	 the	acceptor,	 integral	overlap	
between	 the	 normalized	 donor	 emission	 and	 acceptor	 excitation	 spectra,	 and,	 most	
importantly,	the	sixth	root	of	the	distance	between	donor	and	acceptor	molecule	(Fig.	4).	























Figure	 5	 Functioning	 of	 FRET-based	 tension	 sensor	 modules	 in	 vitro.	 Under	 no	 tension,	 donor	 and	 acceptor	
fluorophores	are	close	 in	proximity	and	FRET	efficiency	is	high.	When	force	is	applied,	 the	peptide	 linker	stretches,	
inducing	a	decrease	in	FRET.	Upon	relaxation,	the	linker	recovers	its	initial	conformation	and	FRET	increases	again	
(adapted	from	Freikamp	et	al.,	2016).	





Name	 Peptide	linkers	 Force	Sensitivity	 Reference	
F40	 Flagelliform	peptide	(GPGGA)8	 1-6	pN	 Grashoff	et	al.,	2010	
HP35	 WT	villin	headpiece	peptide	 6-8	pN	 Austen	et	al.,	2015	









Altogether,	 we	 aim	 to	 construct	 TSMs	 and	 insert	 them	 into	 the	 essential	 force-
transmitting	 endocytic	 protein	 Sla2.	 In	 order	 to	 measure	 all	 actin-dependent	 force	
transmitted	during	endocytosis,	we	will	channel	all	force	through	the	Sla2	force	sensor	
(Sla2	 FS)	 by	 deleting	 the	 functionally	 redundant	 actin-binding	 domain	 of	 Ent1	 in	 all	
strains	 (ent1ΔACB	 background).	 We	 will	 follow	 force	 transmitted	 in	 real	 time	 by	
measuring	FRET	changes	of	Sla2	force	sensors	during	the	progression	of	endocytosis.	We	
will	 analyze	 FRET	 changes	 by	 recording	 of	 donor	 and	 acceptor	 fluorescence	 during	
individual	endocytic	events,	by	technique	called	ratiometric	FRET.	Here,	ratio	of	acceptor	
and	 donor	 emissions	 is	 followed	 simultaneously	 using	 an	 image	 splitter	 during	 a	














factors.	 We	 aim	 to	 delete	 specific	 i)	 components	 of	 the	 force	 generation	 machinery	
(myosin	Myo5),	ii)	membrane-remodeling	proteins	of	the	BAR-domain	family	(Rvs167),	
and	 iii)	regulators	of	actin	polymerization	at	 the	endocytic	site	(Bbc1).	Finally,	we	will	






to	 invaginate	 the	 membrane	 during	 endocytosis	 is	 crucial	 to	 understand	 the	
mechanobiology	of	the	endocytic	pathway	and	will	certainly	help	to	better	comprehend	
other	essential	membrane	reshaping	processes	 in	 the	cell.	Moreover,	 the	knowledge	of	

























no	 force	 control	 constructs	 (Sla2	 no	 force	 control,	 Sla2	 NF),	 where	 force	 cannot	 be	
transmitted	 over	 the	 force	 sensor	 because	 it	 is	 located	 in	 Sla2	 after	 the	 actin-binding	
domain.	In	addition,	in	our	strains	we	deleted	the	actin-binding	domain	of	Ent1,	ACB,	in	
order	 to	 channel	 all	 actin-dependent	 force	 through	 our	 tension	 sensor	 and	 therefore	















Next,	 we	 integrated	 Sla2	 FS	 and	 Sla2	 NF	 constructs	 into	 SLA2	 locus	 in	 ent1ΔACB	
background	and	tested	whether	the	dynamics	of	the	endocytic	process	and	modified	Sla2	
protein	were	altered.	For	this,	we	monitored	endocytosis	by	live-cell	imaging	following	














photobleaching	FRET,	a	simple	and	reliable	 technique	based	on	the	 inactivation	of	 the	
acceptor	 fluorophore.	 The	 inactivation	 of	 the	 FRET	 acceptor	 performed	 by	
photobleaching	 with	 a	 suitable	 laser	 induces	 an	 increase	 in	 the	 donor	 fluorescence	
emission,	which	can	be	easily	recorded,	and	FRET	efficiency	can	be	therefore	calculated	
as	 the	 percentage	 increase	 of	 donor	 fluorescence	 after	 acceptor	 photobleaching.	 We	



















signal,	 see	 Fig.	 8),	 we	monitored	mTurquoise2	 and	mNeonGreen	 fluorescence	 signals	
during	individual	endocytic	events.	Endocytic	events	were	imaged	and	manually	tracked	
(with	1	second	time	resolution)	and	their	mNeonGreen/mTurquoise2	fluorescence	ratios	
were	 calculated	 to	 obtain	 the	 FRET	 ratio	 profile.	 Decrease	 of	 the	 FRET	 ratio	




























Centre,	 top,	 and	 bottom	 lines	 of	 the	 box	 plots	 show	 the	median,	 25th,	 and	 75th	 percentiles	 of	 individual	 datasets,	
respectively.	Whiskers	extend	to	data	points	1.5	times	the	interquartile	range	from	the	25th	and	75th	percentiles.	
Interestingly,	we	observed	similar	FRET	profiles	of	Sla2-F40	and	Sla2-HP35	force	sensors	
despite	 the	 different	 force	 required	 for	 their	 extension:	 this	 indicates	 that	 actin-
dependent	 force	 during	 endocytosis	might	 be	 sufficiently	 high	 to	 extend	 both	 sensors	




















































Contribution	 of	 individual	 endocytic	 proteins	 to	 endocytic	 force	
transmission	
Having	 FRET-based	 endocytic	 force	 measurements	 established,	 we	 next	 decided	 to	
determine	 the	 contribution	 of	 several	 endocytic	 proteins	 to	 force-dependent	 steps	 of	
endocytosis.	For	this	purpose,	we	followed	FRET	changes	of	Sla2-F40	or	Sla2-HP35	force	
sensors	 in	 strains	 deleted	 of	 selected	 endocytic	 proteins	 proposed	 to	 be	 involved	 in	
endocytic	force	transmission:	i)	force	generator	and	actin	polymerization	activator	type	










First,	we	decided	 to	 follow	Sla2-F40	sensor	 in	 cells	 absent	of	 force-generating	protein	
myosin	Myo5.	Myosin	Myo5	has	a	motor	domain	that	uses	ATP	hydrolysis	 to	move	on	















of	 retracting	 events,	 during	 which	 the	 membrane	 is	 presumably	 initially	 invaginated	
inwards	but	as	this	intermediate	is	not	stabilized	by	Rvs161/167	heteropolymeric	ring,	it	






time	 point	 in	 which	 the	 membrane	 starts	 the	 retraction.	 During	 imaging,	 this	 point	
correlates	 to	 the	 time	 point	when	 the	 Sla2	 fluorescence	 is	most	 remote	 from	 the	 cell	
cortex.	During	retractions,	FRET	ratio	first	decreased	to	values	similar	to	values	of	wild-
type	 cells	 until	 some	 5	 seconds	 before	 vesicle	 scission,	 indicating	 normal	 force	
transmission	 until	 this	 point.	 Then,	 FRET	 ratio	 plateaued	 even	 after	 the	 retraction	
occurred.	This	suggests	that	despite	force	is	normally	produced	and	transmitted	over	Sla2	
during	early	membrane	invagination,	a	proper	membrane	conformation	and	stabilization	














(p<0.05)	 evaluated	 using	 two-tailed	Welch’s	 t-test.	 Complete	 data	 provided	 in	 Supplementary	 Table	 S8.	 (Bottom)	
Growth	 assays	 of	bbc1Δ	 cells	 under	 hypotonic	 conditions.	 Ten-fold	 serial	 dilutions	 of	 strains	 containing	 indicated	
deletions	were	incubated	on	SD	plates	containing	1	M	sorbitol	(isotonic)	and	1	M	salt	(not	shown),	or	no	sorbitol	and	
no	salt,	respectively,	for	1.5-2	days	at	37°C	degrees.	
We	 also	 analyzed	 the	 role	 of	 the	 organization	 of	 the	 actin	 cytoskeleton	 in	 force	
transmission	by	following	Sla2-HP35	in	cells	deleted	of	Bbc1.	At	the	endocytic	site,	Bbc1	





the	 last	 phase	 of	 the	 endocytosis	 (Fig.	 16A).	 This	 suggests	 that	 the	 enlarged	 dense	
endocytic	actin	cytoskeleton	caused	by	Bbc1	deletion	might	directly	physically	remodel	






opposing	 endocytosis	 and	 therefore	 increase	 the	 force	 necessary	 to	 invaginate	 the	
membrane.	We	grew	yeast	cells	on	1	M	sorbitol	and	1	M	NaCl	and	then	shifted	to	media	
containing	 no	 sorbitol	 or	 salt,	 inducing	 thus	 a	 hypotonic	 shock	 and	 increasing	





adaptation	 to	 the	 hypotonic	 conditions.	 Yeast	 cells	 accumulate	 compatible	 solutes,	
glycerol	mainly,	as	a	general	mechanism	for	cellular	osmoregulation.	These	compatible	
solutes	 can	 be	 accumulated	 or	 secreted	 in	 order	 to	 adapt	 to	 changes	 in	 external	
osmolarity.	 Under	 hypotonic	 conditions,	 yeast	 cells	 open	 certain	 transmembrane	
channels	 and	 secrete	 these	 compatible	 solutes	 outside	 of	 the	 cell	 to	 reduce	 internal	










endocytosis.	Yeast	 cells	have	huge	 turgor	pressure	 (0.4-0.8	MPa;	Schaber	et	 al.,	 2010),	
which	 represents	 the	 main	 mechanical	 barrier	 counteracting	 endocytic	 membrane	
reshaping.	We	aimed	to	counteract	the	high	turgor	pressure	and	therefore	decrease	the	
force	 required	 to	 invaginate	 the	 membrane	 during	 endocytosis	 by	 increasing	 the	








Figure	17	FRET	 ratio	 signal	 of	 Sla2-HP35	 force	 sensor	 in	 indicated	 hypertonic	 conditions	 (orange)	 before	 vesicle	
scission	(time	0	s).	Average	±	95%	confidence	interval	for	Sla2-HP35	force	sensor	in	250	mM	sorbitol	(n=101)	and	in	
500	mM	sorbitol	(n=80)	are	shown.	FRET	ratio	signal	of	respective	Sla2-HP35	force	sensor	measured	in	untreated	cells	
(blue)	 is	 the	same	as	 in	Fig.	10B.	*	 Indicates	statistically	significant	difference	between	indicated	datasets	(p<0.05)	
evaluated	using	two-tailed	Welch’s	t-test.	Complete	data	provided	in	Supplementary	Tables	S9	and	S10,	respectively.	
















dependent	 steps	 of	 endocytosis	was	 significantly	 reduced	 after	 incubation	with	 5	 μM	
PalmC	(Fig.	18).	This	suggests	that	force	applied	during	endocytosis	is	also	required	to	





















in	 Sla2-HP35	 cells	 incubated	with	 1	M	 sorbitol,	 which	 showed	 only	 slightly	 extended	
lifetime	of	 Sla2	 sensors	 compared	 to	 cells	 grown	 in	medium	without	sorbitol	 (Sla2	FS	
lifetime	63.3	±	3.5	s	vs.	51.5	±	3.7	s	in	medium	without	sorbitol;	83.5%	of	endocytic	events	
completed	during	4	min;	Fig.	19).	Then,	we	 shifted	 cells	 to	media	of	 lower	osmolarity	









































Taken	 together,	 we	 observed	 a	 gradual	 increase	 of	 stalled	 endocytic	 events	 and	 no	
difference	 of	 force	 detected	 by	 Sla2-HP35st	 sensor	 after	 increased	 osmotic	 difference	
between	the	cell	and	the	medium.	This	suggests	that	the	polymerizing	actin	cytoskeleton	





















generator	 and	 actin	 polymerization	 activator	 myosin	 Myo5,	 endocytic	 membrane-
sculpting	protein	Rvs167,	and	actin	regulator	Bbc1.	We	found	that	BAR-domain	protein	
Rvs167	is	critical	for	proper	force-transmission	in	late	stages	of	endocytosis	and	that	the	



















point	 of	 FRET	 ratio	 change,	 which	 seemed	 to	 gradually	 decrease	 during	 the	 last	 13	
seconds	before	the	pinching	of	the	endocytic	vesicle	off.	Since	they	sense	different	force	






almost	 identical	 FRET	 ratio	 decrease,	 indicating	 that	 actin-driven	 force	 transmitted	
during	 endocytosis	 over	 Sla2	 is	 sufficient	 to	 extend	 both	 sensors	 in	 a	 similar	manner	
(higher	than	8	pN	per	Sla2	molecule).	Sla2-F40	extended	to	a	lesser	extend	compared	to	
Sla2-HP35,	which	 could	 be	 explained	 by	 its	 shorter	 contour	 length	 resulting	 in	 lower	
dynamic	range	or	by	its	force	sensitivity	to	low	force	causing	some	Sla2-F40	molecules	to	
be	 likely	 stretched	 even	 before	 actin-driven	 pulling	 force	 is	 applied	 (Fig.	 6).	 Contrary,	
Sla2-HP35st	 force	 sensor,	 which	 requires	 the	 highest	 force	 to	 be	 extended,	 showed	 a	
lower	decrease	in	FRET	ratio.	The	almost	identical	characteristics	of	HP35	and	HP35st	
(same	 fold,	 same	 contour	 length,	 and	 almost	 identical	 sequence;	 Ringer	 et	 al.,	 2017)	
allowed	 the	 direct	 comparison	 of	 their	 FRET	 profiles,	 which	 showed	 a	 significant	
difference	in	extension	prior	to	vesicle	scission	between	them.	This	strongly	suggests	that	
actin-driven	 force	 during	 endocytosis	 is	 not	 sufficient	 to	 extend	 HP35st	 sensor	
completely.	HP35st	is	the	sensor	with	the	highest	force	required	to	extend,	around	9-11	





et	 al.,	 2019),	 around	 450-1330	 pN	 force	 is	 transmitted	 over	 Sla2	 molecules	 during	












studies	suggesting	that	 the	highest	pulling	 force	during	endocytosis	 is	required	 for	 the	
initial	stage	of	membrane	bending,	and	then	decreases	over	the	growth	of	the	invagination	
and	 subsequent	 neck	 stabilization.	 Later,	 force	 required	 increases	 again	 for	 vesicle	
scission	(Walani	et	al.,	2015;	Dmitrieff	and	Nédélec,	2015).	In	contrast,	our	results	indicate	













Despite	 the	 successful	 quantification	 of	 actin-driven	 force	 transmitted	 during	





In	order	to	obtain	high-quality	FRET	data,	 it	 is	essential	 to	select	appropriate	controls	













protein	 after	 the	 insertion	 site,	 thus	 removing	 the	 force-transmitting	 domain	 of	 the	
protein	of	interest.	This	can	only	be	achieved	if	the	truncation	does	not	impair	the	protein	
function,	but	guarantees	the	same	microenvironment	for	the	TSM.	Finally,	a	third	strategy	




the	 first	 and	 second	 strategies	 by	 designing	 Sla2	 no	 force	 control	 and	 Sla2	 no	 force	
ΔTHATCH	control,	respectively.	FRET	imaging	showed	no	decrease	in	FRET	ratio	during	
endocytosis	 for	 none	 of	 both	 constructs,	 strongly	 suggesting	 that	 FRET	 ratio	 changes	
observed	in	Sla2	force	sensor	strains	can	be	assigned	to	force-dependent	FRET	changes,	
and	 not	 conformational	 or	 intermolecular	 FRET	 changes	 eventually	 occurring	 during	
endocytic	membrane	invagination.	In	order	to	apply	the	third	strategy,	point	mutations	




force	 ΔTHATCH	 control.	 Moreover,	 though	 in	 vitro	 studies	 revealed	 amino	 acids	
responsible	 for	 actin	 binding	 in	human	Hip1R	THATCH	domain	 (Brett	 et	 al.,	 2006),	 it	
remains	unknown	if	the	same	residues	in	yeast	Sla2	THATCH	domain	would	perform	the	







the	 optimal	TSM	 for	 a	 no	 force	 control.	With	 this	hypothetic	TSM,	 force	 could	 be	 still	
transmitted	over	Sla2	THATCH	domain	and	no	changes	in	FRET	should	be	detected.		
	















In	Rvs167-deleted	 cells,	 real-time	 imaging	 of	 endocytic	markers	 suggests	 a	 significant	






value,	 even	 after	 the	 retraction	 occurred	 and	 fluorescence	 signal	 bounced	 back	 to	 the	
plasma	membrane.	We	hypothesize	that	while	similar	forces	are	applied	over	Sla2	during	
initial	 membrane	 bending	 and	 early	 invagination,	 proper	 membrane	 conformation	






neck	 reduces	 the	 force	 required	 to	 invaginate	 the	 membrane	 (Walani	 et	 al.,	 2015).	
Therefore,	actin-driven	force	might	not	be	sufficient	in	some	endocytic	events	of	Rvs167-





SH3	domain	 and	 a	 polyproline	 (PP)	motif,	which	 induce	 the	 inhibition	of	 the	Arp2/3-






force	 sensor	 compared	 to	wild-type	 cells,	 specifically	during	 the	 last	3	 seconds	before	
scission.	This	suggests	that	the	enlarged	actin	cytoskeleton	at	the	endocytic	site	caused	by	
Bbc1	 deletion	 might	 be	 able	 to	 directly	 transmit	 force	 to	 the	 membrane	 in	 a	 Sla2-
independent	manner.	We	then	observed	that	the	enlarged	actin	cytoskeleton	induced	in	
Bbc1-deleted	 cells	 was	 not	 able	 to	 recover	 the	 growth	 defect	 induced	 in	 hypotonic	
conditions.	This	 suggests	 that	Bbc1	 is	not	a	negative	 regulator	of	 the	 force-generating	
machinery	 at	 the	 endocytic	 site	which	 function	 could	 eventually	 be	 inactivated	 under	
hypotonic	 conditions	 to	 increase	 force	 production.	 Bbc1	 arrives	 at	 the	 endocytic	 site	
around	10	 seconds	 before	 vesicle	 scission,	 and	 Las17	 arrives	 at	 the	 endocytic	 site	 20	
seconds	before	Bbc1	(Lu	et	al.,	2016).	Recent	superresolution	imaging	revealed	the	lateral	
organization	of	 endocytic	proteins	and	 found	 that	Las17	 forms	a	 ring	 surrounding	 the	
invagination	with	a	radius	of	around	70	nm,	which	is	significantly	expanded	upon	deletion	








actin	 polymerization	 inwards,	which	 could	 represent	 the	most	 effective	way	 to	 utilize	
actin-driven	force	produced	during	endocytosis.		
Deletion	of	Bbc1	induces	an	enlarged	actin	network	at	the	endocytic	site,	which	requires	
additional	 ATP	 energy	 for	 its	 polymerization	 and	 therefore	 could	 represent	 an	
unnecessary	 waste	 of	 energy	 for	 the	 cell.	 A	 previous	 study	 measured	 the	 number	 of	













As	 other	 cell-walled	 organisms,	 yeast	 cells	 have	 higher	 turgor	 pressure	 compared	 to	
animal	cells,	which	makes	actin-driven	force	an	absolute	requisite	for	membrane	bending	
during	endocytosis.	This	high	turgor	pressure	counteracts	the	force	needed	to	invaginate	
the	 plasma	 membrane	 for	 endocytosis	 (Aghamohammadzadeh	 and	 Ayscough,	 2009).	




increased	 external	 pressure	 resulting	 in	 less	 force	 required	 for	 endocytosis.	 This	 also	






Concomitantly	with	 high	 turgor,	 yeast	 cells	 also	have	 high	 plasma	membrane	 tension,	




over	 Sla2,	 suggesting	 that	 decreased	 plasma	 membrane	 tension	 lowers	 the	 force	
requirements	to	invaginate	the	membrane.	
Altogether,	these	results	indicate	that	actin-driven	force	is	essential	in	yeast	endocytosis	
to	 counteract	 the	 high	 turgor	 pressure	 and	 high	 plasma	 membrane	 tension.	 Also,	 it	
indicates	 that	 force	 requirements	 to	 invaginate	 the	 membrane	 during	 endocytosis	
significantly	depend	on	the	tonicity	of	the	cell	environment,	which	can	influence	the	total	
amount	of	force	required	to	reshape	the	membrane.		
In	 addition,	 we	 analyzed	 the	 capacity	 of	 the	 endocytic	 actin-based	 force-generating	
machinery	by	following	force	transmission	under	hypotonic	conditions,	which	intensify	
cell	turgor	opposing	the	inwards	movement	of	the	plasma	membrane	during	endocytosis.	


























FRET-based	 endocytic	 force	 measurement	 limitations	 and	 project	
future	directions		
Despite	 the	 potential	 of	 FRET-based	 force	measurements	 to	 study	 the	 role	 of	 specific	
endocytic	factors	in	force	transmission,	it	should	be	recognized	that	it	comes	with	certain	
limitations	 to	 be	 considered.	 First,	 a	 synthetic	 enhancement	 phenotype	was	 observed	
after	deleting	selected	endocytic	proteins.	Even	though	Sla2	FS	and	Sla2	NF	constructs	




with	 deletion	of	 BAR-domain	 protein	Rvs167	was	 reported	 to	 successfully	 internalize	
more	than	70%	of	endocytic	events	and	fail	and	retract	roughly	around	20%	(Kishimoto	
et	al.,	2011).	We	imaged	our	Sla2	FS	strain	in	rvs167Δ	background	and	found	that	almost	
all	 endocytic	 events	were	 stalled	 for	 longer	 than	 75	 seconds	 (less	 than	 1%	of	 events	












required	 to	 invaginate	 the	 membrane	 during	 endocytosis	 in	 yeast	 cells	 is	 mainly	 to	
overcome	the	high	turgor	pressure	(Nickaeen	et	al.,	2019).	This	physical	barrier	is	largely	
independent	 to	 the	endocytic	 coat	 composition,	 so	upon	deletion	of	 specific	 endocytic	











observe	 some	 effect	 on	 force	 transmission.	 Since	 several	 partial	 loss-of-function	
mutations	 have	 been	 suggested	 in	 the	 different	 domains	 of	 myosin	 proteins,	 an	
automatized	 system	 would	 be	 required	 for	 a	 relatively	 fast	 screen	 of	 the	 mutants.	






















role	 in	 physiological	 and	 pathological	 conditions.	 This	 is	 also	 the	 case	 for	 clathrin-
mediated	 endocytosis	 in	 budding	 yeast,	 in	 which	 actin-driven	 forces	 are	 essential	 to	
compensate	the	high	turgor	pressure	and	reshape	the	membrane.	
The	 main	 goal	 of	 this	 project	 was	 to	 measure	 actin-generated	 forces	 required	 for	
endocytic	 vesicle	 formation	 in	 yeast.	 We	 provide	 the	 first	 experimental	 evidence	
reporting	 real	 force	 values	 transmitted	 during	 endocytosis	 in	 vivo.	 Using	 FRET-based	
force	sensors,	we	calculated	a	force	around	10	pN	per	Sla2	molecule	during	endocytosis,	
which	indicates	that	actin	transmits	a	total	force	of	450-1330	pN	per	endocytic	event.	
We	 could	 show	 the	 effect	 of	 selected	 endocytic	 proteins	 in	 force-dependent	 steps	 of	
endocytosis	by	 following	 force	transmission	 in	deletion	strains.	We	could	also	provide	
empirical	proof	 that	hypertonic	conditions	 induce	a	 lessening	 in	 force	requirement	 for	
endocytosis,	 which	 had	 been	 hypothesized	 previously.	 And	 finally,	 we	 observed	 the	
limitations	of	the	endocytic	machinery	and	actin	cytoskeleton	to	provide	enough	force	for	
endocytosis	under	hypotonic	conditions.	
Importantly,	 we	 showed	 that	 FRET-based	 force	 measurement	 is	 sensitive	 enough	 to	
measure	 force	 transmission	 over	 time	 during	 endocytosis,	 even	 when	 following	 the	





We	 hope	 that	 our	 data	 will	 help	 to	 better	 mechanistically	 understand	 the	 endocytic	
process.	Our	experiments	represent	a	starting	point	to	elucidate	the	role	of	other	force-















Yeast	 strains	 and	 plasmids	 are	 listed	 in	 Tables	 8	 and	 9,	 respectively.	 Saccharomyces	
cerevisiae	with	 strain	MSK002	 isogenic	 to	S288C	strain	was	used	as	wild-type.	 Strains	
were	 grown	 at	 25°C	 or	 30°C	 in	 standard	 rich	medium	YPD	 or	 synthetic	 defined	 (SD)	
medium	with	appropriate	supplements.	Media	were	supplied	with	100	μg/mL	clonNAT,	
300	μg/mL	G418	and/or	240	μg/mL	hygromycin	B	when	applicable.	




coding	 for	HA-tag,	were	PCR-amplified	and	cloned	using	SacI-AscI	 and	AscI-XmaI	 sites,	
respectively,	 into	 pRS416	 vector,	 creating	 pRS416-SLA2-2xHA	 plasmid.	 For	 Sla2	 force	
sensors,	tension	sensor	modules	were	inserted	into	SLA2	in	plasmid	after	SLA2	codon	702.	
SgrAI-XbaI	 restrictions	 sites	were	 first	 created	 after	 this	 position	 by	 overlapping	 PCR	
(additional	codons	for	Thr-Gly	and	Ser-Arg	were	therefore	created).	Construction	of	the	
tension	 sensor	 module	 F40	 (mTurquoise2-F40	 linker-mNeonGreen	 sequence)	 was	
achieved	 by	 overlapping	 PCR.	 Genes	 coding	 for	 fluorophores	 mTurquoise2	 and	
mNeonGreen	were	 amplified	 from	plasmids	 pFA6a-mTurquoise2-hphNT1	 and	 pFA6a-






702	 by	 overlapping	 PCR	 not	 amplifying	 the	 remaining	 sequence	 of	 SLA2.	 F40	 tension	
sensor	module	was	PCR	amplified,	digested	using	XmaI-XbaI	restriction	sites	and	cloned	


























verified	 by	 colony	 PCR,	 locating	 the	 first	 primer	 in	 the	 targeted	 locus	 and	 the	 second	
primer	 in	 the	 transformed	 cassette.	 Integration	 of	 constructs	 into	 yeast	 genome	 was	




















was	 used	 to	 test	 genome-integrated	 DNA	 cassettes	 and	 plasmids	 transformation	 by	













































manufacturer	 instructions.	 In	 general,	 digestions	 were	 performed	 at	 37°C	 using	
CutSmart®	buffer	(New	England	Biolabs).	When	available,	High-Fidelity	(HF®)	enzymes	
were	used.	DNA	 fragments	were	 separated	on	1%	agarose	 (Sigma-Aldrich)	gel	 in	TAE	
buffer	 at	 100-130	 V	 and	 purified	 using	 GeneJET	 Gel	 Extraction	 Kit	 (Thermo	 Fisher	
Scientific).	Ligations	were	performed	incubating	DNA	mixes	at	room	temperature	and	at	
16°C	using	T4	DNA	Ligase	(New	England	Biolabs).	Ligation	mixes	were	transformed	into	
chemically	 competent	 DH5α	Escherichia	 coli	 cells,	 either	 self-prepared	 or	 commercial	
(New	England	Biolabs),	following	a	heat-shock	protocol.	50	μL	of	chemically	competent	
cells	were	mixed	with	5	μL	of	ligation	mix	and	 incubated	on	 ice	 for	30	min.	Cells	were	
heat-shocked	for	30	seconds	at	42°C	and	incubated	on	ice	for	5	min.	Cells	were	then	mixed	
with	 950	 μL	 of	 LB	 medium	 (or	 SOC	 outgrowth	 medium	 for	 commercial	 cells)	 and	





































To	perform	FRET,	 a	wide-field	 Eclipse	Ti-E	 inverted	 fluorescence	microscope	 (Nikon)	










to	SD-Trp,	 -Ura,	250	mM	sorbitol.	Cells	were	observed	 for	10	min,	5	min	after	shift	 to	
medium	with	 sorbitol.	 For	 cells	 shifted	 to	medium	 containing	 500	mM	 sorbitol,	 same	
protocol	was	applied	and	cells	were	observed	for	10	min,	15	min	after	shift	to	medium	




















Images	 were	 analyzed	 with	 ImageJ	 software	 (Schneider	 et	 al.,	 2012).	 Images	 were	
subtracted	of	general	background,	corrected	for	photobleaching	and	individual	endocytic	




values	 between	 times	 -25	 to	 -17	 seconds,	 where	 mTurquoise2	 and	 mNeonGreen	
fluorescence	 intensities	 and	 their	 ratios	 remained	 largely	 unchanged.	 In	 total	 58-121	




For	 live-cell	 imaging,	 the	 following	 filter	 sets	were	 used	 to	 acquire	 mNeonGreen	 (Ex	
504/12,	dc	520,	Em	542/27)	and	mScarlet-I	(Ex	585/29,	dc	605,	Em	647/57)	fluorescence	
(Chroma,	 Semrock).	 For	 Sla2-mNeonGreen	 lifetime	 quantification,	 mNeonGreen	













Images	 were	 analyzed	 with	 ImageJ	 software	 (Schneider	 et	 al.,	 2012).	 Images	 were	
subtracted	of	general	background	and	endocytic	patches	of	each	photobleached	cell	were	
then	 manually	 selected	 by	 polygon	 selection	 tool.	 FRET	 efficiency	 (calculated	 as	
percentage	increase	in	donor	fluorescence	after	acceptor	photobleaching)	was	calculated	
using	FRETCalc	plugin	(Stepensky,	2007)	with	the	intensity	threshold	set	up	to	the	level	
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table)	was	 calculated	 as	 described	 in	Ratiometric	 FRET	 (Materials	 and	methods).	 Time	 before	 vesicle	 scission	 (in	
seconds,	Time	in	table),	standard	deviation	(SD),	sample	size	(n)	and	95%	confidence	interval	(CI	95%)	are	shown.	P-
value	was	calculated	using	two-tailed	Welch’s	t-test.	












-35	 0.987	 0.051	 31	 0.019	 0.983	 0.036	 15	 0.020	 0.75725	
-34	 0.996	 0.050	 36	 0.017	 0.989	 0.036	 20	 0.017	 0.52999	
-33	 0.989	 0.046	 42	 0.014	 0.998	 0.033	 23	 0.014	 0.39440	
-32	 0.993	 0.051	 46	 0.015	 0.992	 0.030	 23	 0.013	 0.94534	
-31	 1.006	 0.042	 51	 0.012	 0.990	 0.033	 30	 0.012	 0.06068	
-30	 0.999	 0.046	 56	 0.012	 0.986	 0.026	 33	 0.009	 0.09467	
-29	 1.002	 0.047	 63	 0.012	 0.991	 0.028	 36	 0.010	 0.12442	
-28	 1.000	 0.050	 69	 0.012	 0.994	 0.022	 38	 0.007	 0.40358	
-27	 1.007	 0.045	 72	 0.011	 0.996	 0.027	 38	 0.009	 0.13434	
-26	 1.000	 0.037	 80	 0.008	 0.991	 0.025	 43	 0.008	 0.09899	
-25	 1.000	 0.032	 84	 0.007	 0.997	 0.020	 46	 0.006	 0.64132	
-24	 1.002	 0.028	 85	 0.006	 0.997	 0.016	 51	 0.005	 0.18250	
-23	 0.997	 0.026	 86	 0.005	 0.998	 0.015	 53	 0.004	 0.76170	
-22	 0.999	 0.023	 87	 0.005	 1.001	 0.017	 54	 0.005	 0.57488	
-21	 1.000	 0.021	 90	 0.004	 1.000	 0.014	 56	 0.004	 0.91748	
-20	 0.995	 0.022	 91	 0.005	 1.002	 0.014	 58	 0.004	 0.03156	
-19	 1.002	 0.023	 92	 0.005	 0.999	 0.012	 58	 0.003	 0.27876	
-18	 1.001	 0.026	 92	 0.005	 1.002	 0.018	 58	 0.005	 0.76357	
-17	 1.004	 0.026	 92	 0.005	 1.003	 0.018	 58	 0.005	 0.89031	
-16	 0.999	 0.031	 92	 0.006	 1.002	 0.023	 58	 0.006	 0.42748	
-15	 0.995	 0.039	 92	 0.008	 1.005	 0.025	 58	 0.007	 0.06157	
-14	 0.996	 0.039	 92	 0.008	 1.002	 0.026	 58	 0.007	 0.30117	
-13	 0.993	 0.040	 92	 0.008	 0.998	 0.027	 58	 0.007	 0.43809	
-12	 0.998	 0.040	 92	 0.008	 1.000	 0.028	 58	 0.007	 0.64383	
-11	 0.987	 0.039	 92	 0.008	 1.002	 0.034	 58	 0.009	 0.01740	
-10	 0.984	 0.042	 92	 0.009	 1.004	 0.034	 58	 0.009	 0.00214	
-9	 0.982	 0.045	 92	 0.009	 0.998	 0.032	 58	 0.009	 0.01536	
-8	 0.983	 0.046	 92	 0.009	 0.998	 0.031	 58	 0.008	 0.01978	
-7	 0.975	 0.047	 92	 0.010	 0.995	 0.035	 58	 0.009	 0.00375	
-6	 0.974	 0.044	 92	 0.009	 0.992	 0.038	 58	 0.010	 0.00842	
-5	 0.967	 0.048	 92	 0.010	 0.996	 0.035	 58	 0.009	 0.00004	
-4	 0.967	 0.051	 92	 0.011	 0.996	 0.043	 58	 0.011	 0.00023	
-3	 0.966	 0.048	 92	 0.010	 0.990	 0.041	 58	 0.011	 0.00145	
-2	 0.959	 0.050	 92	 0.010	 0.990	 0.039	 58	 0.010	 2.81E-05	







table)	was	 calculated	 as	 described	 in	Ratiometric	 FRET	 (Materials	 and	methods).	 Time	 before	 vesicle	 scission	 (in	
seconds,	Time	in	table),	standard	deviation	(SD),	sample	size	(n)	and	95%	confidence	interval	(CI	95%)	are	shown.	P-
value	was	calculated	using	two-tailed	Welch’s	t-test.	












-35	 0.987	 0.053	 24	 0.023	 0.986	 0.014	 3	 0.035	 0.9394	
-34	 0.994	 0.055	 29	 0.021	 0.980	 0.031	 9	 0.024	 0.3264	
-33	 1.003	 0.043	 41	 0.013	 0.993	 0.031	 16	 0.016	 0.3120	
-32	 0.998	 0.041	 46	 0.012	 0.996	 0.036	 19	 0.017	 0.8986	
-31	 0.999	 0.043	 52	 0.012	 1.001	 0.034	 25	 0.014	 0.8530	
-30	 0.998	 0.046	 56	 0.012	 1.003	 0.032	 32	 0.012	 0.5609	
-29	 1.000	 0.039	 63	 0.010	 0.996	 0.035	 40	 0.011	 0.5810	
-28	 1.004	 0.034	 70	 0.008	 0.992	 0.025	 47	 0.007	 0.0318	
-27	 1.004	 0.029	 75	 0.007	 0.995	 0.025	 51	 0.007	 0.0708	
-26	 1.004	 0.029	 78	 0.006	 0.997	 0.020	 58	 0.005	 0.1013	
-25	 0.998	 0.030	 82	 0.007	 0.998	 0.017	 60	 0.004	 0.9548	
-24	 1.000	 0.026	 92	 0.005	 0.997	 0.018	 63	 0.004	 0.5310	
-23	 0.999	 0.022	 98	 0.004	 0.999	 0.015	 68	 0.004	 0.9191	
-22	 0.997	 0.020	 102	 0.004	 1.001	 0.014	 71	 0.003	 0.1110	
-21	 0.999	 0.017	 106	 0.003	 0.998	 0.018	 81	 0.004	 0.7805	
-20	 1.000	 0.023	 108	 0.004	 1.001	 0.012	 82	 0.003	 0.7384	
-19	 1.002	 0.026	 108	 0.005	 1.003	 0.016	 82	 0.003	 0.8473	
-18	 1.003	 0.025	 108	 0.005	 1.000	 0.015	 82	 0.003	 0.2263	
-17	 1.000	 0.027	 108	 0.005	 1.001	 0.016	 82	 0.004	 0.7740	
-16	 1.003	 0.034	 108	 0.006	 1.001	 0.018	 82	 0.004	 0.5617	
-15	 0.999	 0.036	 108	 0.007	 1.001	 0.023	 82	 0.005	 0.7175	
-14	 0.999	 0.033	 108	 0.006	 1.001	 0.024	 82	 0.005	 0.6885	
-13	 0.993	 0.039	 108	 0.007	 0.999	 0.023	 82	 0.005	 0.2298	
-12	 0.990	 0.041	 108	 0.008	 0.998	 0.024	 82	 0.005	 0.0868	
-11	 0.989	 0.045	 108	 0.009	 0.998	 0.026	 82	 0.006	 0.0949	
-10	 0.983	 0.047	 108	 0.009	 1.000	 0.027	 82	 0.006	 0.0022	
-9	 0.974	 0.045	 108	 0.009	 0.996	 0.031	 82	 0.007	 5.13E-05	
-8	 0.973	 0.049	 108	 0.009	 0.998	 0.029	 82	 0.006	 1.56E-05	
-7	 0.968	 0.044	 108	 0.008	 0.994	 0.032	 82	 0.007	 3.37E-06	
-6	 0.968	 0.050	 108	 0.010	 0.991	 0.032	 82	 0.007	 0.0002	
-5	 0.964	 0.051	 108	 0.010	 0.988	 0.033	 82	 0.007	 0.0001	
-4	 0.962	 0.053	 108	 0.010	 0.993	 0.033	 82	 0.007	 1.27E-06	
-3	 0.952	 0.049	 108	 0.009	 0.992	 0.034	 82	 0.007	 4.28E-10	
-2	 0.950	 0.051	 108	 0.010	 0.988	 0.035	 82	 0.008	 8.17E-09	





















-35	 0.989	 0.064	 34	 0.022	 1.006	 0.037	 21	 0.017	 0.21204	
-34	 0.987	 0.059	 41	 0.019	 1.011	 0.033	 27	 0.013	 0.04049	
-33	 0.995	 0.056	 46	 0.017	 1.007	 0.033	 28	 0.013	 0.22977	
-32	 0.994	 0.051	 55	 0.014	 1.004	 0.035	 30	 0.013	 0.26270	
-31	 1.003	 0.059	 58	 0.015	 0.999	 0.032	 34	 0.011	 0.61709	
-30	 1.005	 0.055	 62	 0.014	 0.998	 0.029	 43	 0.009	 0.43872	
-29	 0.995	 0.057	 66	 0.014	 0.998	 0.032	 46	 0.010	 0.76726	
-28	 1.000	 0.053	 69	 0.013	 1.004	 0.029	 46	 0.009	 0.64988	
-27	 1.003	 0.044	 72	 0.010	 1.003	 0.022	 47	 0.006	 0.97014	
-26	 1.002	 0.041	 75	 0.009	 1.003	 0.021	 50	 0.006	 0.89726	
-25	 0.999	 0.034	 79	 0.008	 1.003	 0.019	 51	 0.005	 0.33103	
-24	 1.002	 0.031	 83	 0.007	 1.002	 0.018	 53	 0.005	 0.97296	
-23	 1.001	 0.027	 86	 0.006	 1.001	 0.017	 57	 0.004	 0.82370	
-22	 1.000	 0.029	 88	 0.006	 0.999	 0.014	 58	 0.004	 0.72333	
-21	 0.998	 0.027	 90	 0.006	 0.998	 0.012	 60	 0.003	 0.98313	
-20	 0.999	 0.026	 93	 0.005	 0.999	 0.016	 61	 0.004	 0.87871	
-19	 1.000	 0.025	 93	 0.005	 1.001	 0.017	 61	 0.004	 0.83868	
-18	 0.998	 0.027	 93	 0.006	 0.998	 0.017	 61	 0.004	 0.93800	
-17	 1.002	 0.030	 93	 0.006	 0.999	 0.020	 61	 0.005	 0.34986	
-16	 1.000	 0.035	 93	 0.007	 0.998	 0.023	 61	 0.006	 0.63013	
-15	 0.998	 0.037	 93	 0.008	 0.998	 0.025	 61	 0.006	 0.98186	
-14	 0.997	 0.046	 93	 0.009	 1.001	 0.026	 61	 0.007	 0.45394	
-13	 0.995	 0.045	 93	 0.009	 0.999	 0.025	 61	 0.006	 0.47173	
-12	 0.998	 0.050	 93	 0.010	 1.001	 0.028	 61	 0.007	 0.55819	
-11	 0.989	 0.053	 93	 0.011	 1.001	 0.027	 61	 0.007	 0.07146	
-10	 0.989	 0.058	 93	 0.012	 0.997	 0.026	 61	 0.007	 0.24817	
-9	 0.988	 0.055	 93	 0.011	 0.996	 0.026	 61	 0.007	 0.23349	
-8	 0.986	 0.063	 93	 0.013	 0.997	 0.029	 61	 0.008	 0.14719	
-7	 0.983	 0.055	 93	 0.011	 0.994	 0.029	 61	 0.008	 0.11782	
-6	 0.983	 0.063	 93	 0.013	 0.993	 0.032	 61	 0.008	 0.23211	
-5	 0.978	 0.057	 93	 0.012	 0.988	 0.034	 61	 0.009	 0.18912	
-4	 0.975	 0.058	 93	 0.012	 0.989	 0.034	 61	 0.009	 0.06239	
-3	 0.974	 0.064	 93	 0.013	 0.993	 0.036	 61	 0.009	 0.01756	
-2	 0.966	 0.062	 93	 0.013	 0.993	 0.037	 61	 0.010	 0.00090	
-1	 0.955	 0.057	 93	 0.012	 0.989	 0.039	 61	 0.010	 0.00003	





















-35	 0.987	 0.053	 24	 0.023	 0.989	 0.064	 34	 0.022	 0.9319	
-34	 0.994	 0.055	 29	 0.021	 0.987	 0.059	 41	 0.019	 0.6215	
-33	 1.003	 0.043	 41	 0.013	 0.995	 0.056	 46	 0.017	 0.4336	
-32	 0.998	 0.041	 46	 0.012	 0.994	 0.051	 55	 0.014	 0.6791	
-31	 0.999	 0.043	 52	 0.012	 1.003	 0.059	 58	 0.015	 0.6389	
-30	 0.998	 0.046	 56	 0.012	 1.005	 0.055	 62	 0.014	 0.4550	
-29	 1.000	 0.039	 63	 0.010	 0.995	 0.057	 66	 0.014	 0.5848	
-28	 1.004	 0.034	 70	 0.008	 1.000	 0.053	 69	 0.013	 0.5971	
-27	 1.004	 0.029	 75	 0.007	 1.003	 0.044	 72	 0.010	 0.9672	
-26	 1.004	 0.029	 78	 0.006	 1.002	 0.041	 75	 0.009	 0.7799	
-25	 0.998	 0.030	 82	 0.007	 0.999	 0.034	 79	 0.008	 0.9739	
-24	 1.000	 0.026	 92	 0.005	 1.002	 0.031	 83	 0.007	 0.5800	
-23	 0.999	 0.022	 98	 0.004	 1.001	 0.027	 86	 0.006	 0.6514	
-22	 0.997	 0.020	 102	 0.004	 1.000	 0.029	 88	 0.006	 0.3707	
-21	 0.999	 0.017	 106	 0.003	 0.998	 0.027	 90	 0.006	 0.7993	
-20	 1.000	 0.023	 108	 0.004	 0.999	 0.026	 93	 0.005	 0.7393	
-19	 1.002	 0.026	 108	 0.005	 1.000	 0.025	 93	 0.005	 0.6332	
-18	 1.003	 0.025	 108	 0.005	 0.998	 0.027	 93	 0.006	 0.1777	
-17	 1.000	 0.027	 108	 0.005	 1.002	 0.030	 93	 0.006	 0.6365	
-16	 1.003	 0.034	 108	 0.006	 1.000	 0.035	 93	 0.007	 0.6195	
-15	 0.999	 0.036	 108	 0.007	 0.998	 0.037	 93	 0.008	 0.8984	
-14	 0.999	 0.033	 108	 0.006	 0.997	 0.046	 93	 0.009	 0.7103	
-13	 0.993	 0.039	 108	 0.007	 0.995	 0.045	 93	 0.009	 0.7415	
-12	 0.990	 0.041	 108	 0.008	 0.998	 0.050	 93	 0.010	 0.2446	
-11	 0.989	 0.045	 108	 0.009	 0.989	 0.053	 93	 0.011	 0.9855	
-10	 0.983	 0.047	 108	 0.009	 0.989	 0.058	 93	 0.012	 0.3693	
-9	 0.974	 0.045	 108	 0.009	 0.988	 0.055	 93	 0.011	 0.0467	
-8	 0.973	 0.049	 108	 0.009	 0.986	 0.063	 93	 0.013	 0.1159	
-7	 0.968	 0.044	 108	 0.008	 0.983	 0.055	 93	 0.011	 0.0319	
-6	 0.968	 0.050	 108	 0.010	 0.983	 0.063	 93	 0.013	 0.0630	
-5	 0.964	 0.051	 108	 0.010	 0.978	 0.057	 93	 0.012	 0.0773	
-4	 0.962	 0.053	 108	 0.010	 0.975	 0.058	 93	 0.012	 0.0823	
-3	 0.952	 0.049	 108	 0.009	 0.974	 0.064	 93	 0.013	 0.0096	
-2	 0.950	 0.051	 108	 0.010	 0.966	 0.062	 93	 0.013	 0.0452	





















-35	 0.987	 0.027	 12	 0.017	 1.003	 0.034	 17	 0.018	
-34	 0.995	 0.026	 15	 0.015	 1.000	 0.037	 20	 0.017	
-33	 0.994	 0.027	 15	 0.015	 1.001	 0.031	 20	 0.014	
-32	 0.992	 0.023	 15	 0.013	 1.001	 0.035	 20	 0.016	
-31	 0.996	 0.024	 15	 0.013	 1.003	 0.028	 20	 0.013	
-30	 0.991	 0.026	 17	 0.013	 0.999	 0.028	 23	 0.012	
-29	 0.986	 0.025	 18	 0.012	 1.003	 0.034	 25	 0.014	
-28	 0.981	 0.025	 20	 0.012	 1.003	 0.031	 25	 0.013	
-27	 0.990	 0.026	 20	 0.012	 1.002	 0.024	 26	 0.010	
-26	 0.994	 0.023	 21	 0.010	 0.998	 0.026	 28	 0.010	
-25	 0.995	 0.017	 22	 0.008	 0.992	 0.018	 28	 0.007	
-24	 0.996	 0.018	 24	 0.008	 0.999	 0.016	 29	 0.006	
-23	 0.992	 0.009	 25	 0.004	 0.998	 0.014	 30	 0.005	
-22	 1.000	 0.015	 25	 0.006	 1.001	 0.018	 30	 0.007	
-21	 0.997	 0.012	 25	 0.005	 1.003	 0.021	 31	 0.008	
-20	 1.003	 0.014	 26	 0.006	 1.001	 0.014	 31	 0.005	
-19	 1.007	 0.020	 26	 0.008	 1.000	 0.020	 31	 0.007	
-18	 1.005	 0.014	 26	 0.006	 1.004	 0.018	 31	 0.007	
-17	 1.003	 0.018	 26	 0.007	 1.001	 0.023	 31	 0.008	
-16	 1.007	 0.021	 26	 0.009	 0.998	 0.023	 31	 0.008	
-15	 1.011	 0.025	 26	 0.010	 0.998	 0.024	 31	 0.009	
-14	 1.006	 0.020	 26	 0.008	 0.999	 0.025	 31	 0.009	
-13	 1.005	 0.021	 26	 0.009	 1.000	 0.029	 31	 0.010	
-12	 1.011	 0.025	 26	 0.010	 1.003	 0.028	 31	 0.010	
-11	 1.007	 0.023	 26	 0.009	 1.005	 0.020	 31	 0.007	
-10	 1.009	 0.024	 26	 0.010	 1.008	 0.027	 31	 0.010	
-9	 1.007	 0.030	 26	 0.012	 1.003	 0.022	 31	 0.008	
-8	 1.007	 0.033	 26	 0.013	 1.011	 0.024	 31	 0.009	
-7	 1.012	 0.033	 26	 0.013	 1.009	 0.030	 31	 0.011	
-6	 1.013	 0.035	 26	 0.014	 1.006	 0.037	 31	 0.014	
-5	 1.015	 0.038	 26	 0.015	 1.009	 0.037	 31	 0.013	
-4	 1.014	 0.039	 26	 0.016	 1.003	 0.042	 31	 0.015	
-3	 1.015	 0.032	 26	 0.013	 1.007	 0.041	 31	 0.015	
-2	 1.008	 0.032	 26	 0.013	 1.008	 0.041	 31	 0.015	
























-35	 0.987	 0.051	 31	 0.019	 1.000	 0.053	 19	 0.026	 0.3806	
-34	 0.996	 0.050	 36	 0.017	 1.004	 0.055	 24	 0.023	 0.5876	
-33	 0.989	 0.046	 42	 0.014	 1.008	 0.044	 27	 0.017	 0.0997	
-32	 0.993	 0.051	 46	 0.015	 1.005	 0.047	 30	 0.018	 0.2926	
-31	 1.006	 0.042	 51	 0.012	 0.994	 0.047	 32	 0.017	 0.2513	
-30	 0.999	 0.046	 56	 0.012	 0.997	 0.040	 35	 0.014	 0.8561	
-29	 1.002	 0.047	 63	 0.012	 0.998	 0.047	 38	 0.015	 0.6429	
-28	 1.000	 0.050	 69	 0.012	 1.000	 0.038	 43	 0.012	 0.9607	
-27	 1.007	 0.045	 72	 0.011	 1.000	 0.036	 47	 0.010	 0.3941	
-26	 1.000	 0.037	 80	 0.008	 0.996	 0.034	 53	 0.009	 0.5193	
-25	 1.000	 0.032	 84	 0.007	 1.002	 0.031	 55	 0.008	 0.6032	
-24	 1.002	 0.028	 85	 0.006	 1.002	 0.032	 57	 0.009	 0.9517	
-23	 0.997	 0.026	 86	 0.005	 1.001	 0.024	 57	 0.006	 0.3106	
-22	 0.999	 0.023	 87	 0.005	 0.997	 0.018	 58	 0.005	 0.6885	
-21	 1.000	 0.021	 90	 0.004	 0.998	 0.019	 63	 0.005	 0.5460	
-20	 0.995	 0.022	 91	 0.005	 1.003	 0.025	 64	 0.006	 0.0588	
-19	 1.002	 0.023	 92	 0.005	 1.003	 0.021	 66	 0.005	 0.7431	
-18	 1.001	 0.026	 92	 0.005	 0.997	 0.024	 66	 0.006	 0.3311	
-17	 1.004	 0.026	 92	 0.005	 0.996	 0.024	 67	 0.006	 0.0506	
-16	 0.999	 0.031	 92	 0.006	 0.994	 0.029	 67	 0.007	 0.3789	
-15	 0.995	 0.039	 92	 0.008	 0.994	 0.036	 67	 0.009	 0.8426	
-14	 0.997	 0.039	 92	 0.008	 0.988	 0.038	 67	 0.009	 0.1724	
-13	 0.993	 0.040	 92	 0.008	 0.985	 0.040	 67	 0.010	 0.2152	
-12	 0.998	 0.040	 92	 0.008	 0.983	 0.048	 67	 0.012	 0.0383	
-11	 0.987	 0.039	 92	 0.008	 0.985	 0.050	 67	 0.012	 0.7564	
-10	 0.984	 0.042	 92	 0.009	 0.980	 0.050	 67	 0.012	 0.5506	
-9	 0.983	 0.045	 92	 0.009	 0.977	 0.056	 67	 0.014	 0.4807	
-8	 0.983	 0.046	 92	 0.009	 0.974	 0.058	 67	 0.014	 0.2972	
-7	 0.975	 0.047	 92	 0.010	 0.970	 0.061	 67	 0.015	 0.5524	
-6	 0.974	 0.044	 92	 0.009	 0.970	 0.066	 67	 0.016	 0.6500	
-5	 0.967	 0.048	 92	 0.010	 0.963	 0.067	 67	 0.016	 0.6697	
-4	 0.967	 0.051	 92	 0.011	 0.958	 0.067	 67	 0.016	 0.3976	
-3	 0.966	 0.048	 92	 0.010	 0.952	 0.062	 67	 0.015	 0.1147	
-2	 0.959	 0.050	 92	 0.010	 0.953	 0.068	 67	 0.017	 0.5798	



















-35	 1.014	 0.044	 35	 0.0153	 0	 0.969	 0.057	 59	 0.0150	
-34	 1.007	 0.040	 37	 0.0133	 1	 0.967	 0.055	 59	 0.0142	
-33	 1.000	 0.039	 38	 0.0128	 2	 0.967	 0.059	 59	 0.0154	
-32	 1.000	 0.035	 39	 0.0113	 3	 0.966	 0.059	 59	 0.0153	
-31	 1.004	 0.035	 41	 0.0111	 4	 0.965	 0.059	 59	 0.0155	
-30	 1.008	 0.043	 43	 0.0133	 5	 0.961	 0.060	 58	 0.0158	
-29	 1.006	 0.036	 44	 0.0110	 6	 0.961	 0.060	 57	 0.0160	
-28	 1.009	 0.037	 48	 0.0106	 7	 0.955	 0.062	 55	 0.0167	
-27	 1.008	 0.042	 52	 0.0116	 8	 0.957	 0.067	 51	 0.0189	
-26	 1.009	 0.035	 52	 0.0099	 	 	 	 	 	
-25	 1.001	 0.030	 53	 0.0084	 	 	 	 	 	
-24	 1.007	 0.024	 56	 0.0065	 	 	 	 	 	
-23	 1.001	 0.022	 58	 0.0058	 	 	 	 	 	
-22	 0.999	 0.019	 59	 0.0049	 	 	 	 	 	
-21	 0.997	 0.020	 59	 0.0053	 	 	 	 	 	
-20	 0.999	 0.026	 59	 0.0069	 	 	 	 	 	
-19	 1.004	 0.026	 59	 0.0067	 	 	 	 	 	
-18	 0.997	 0.029	 59	 0.0075	 	 	 	 	 	
-17	 0.994	 0.031	 59	 0.0081	 	 	 	 	 	
-16	 0.987	 0.035	 59	 0.0091	 	 	 	 	 	
-15	 0.986	 0.038	 59	 0.0100	 	 	 	 	 	
-14	 0.983	 0.040	 59	 0.0105	 	 	 	 	 	
-13	 0.975	 0.041	 59	 0.0107	 	 	 	 	 	
-12	 0.979	 0.042	 59	 0.0109	 	 	 	 	 	
-11	 0.975	 0.045	 59	 0.0117	 	 	 	 	 	
-10	 0.971	 0.046	 59	 0.0121	 	 	 	 	 	
-9	 0.975	 0.041	 59	 0.0107	 	 	 	 	 	
-8	 0.976	 0.045	 59	 0.0116	 	 	 	 	 	
-7	 0.979	 0.048	 59	 0.0126	 	 	 	 	 	
-6	 0.973	 0.047	 59	 0.0123	 	 	 	 	 	
-5	 0.972	 0.051	 59	 0.0134	 	 	 	 	 	
-4	 0.970	 0.048	 59	 0.0125	 	 	 	 	 	
-3	 0.970	 0.052	 59	 0.0136	 	 	 	 	 	
-2	 0.974	 0.052	 59	 0.0135	 	 	 	 	 	
























-35	 0.987	 0.053	 24	 0.023	 1.000	 0.050	 38	 0.017	 0.3365	
-34	 0.994	 0.055	 29	 0.021	 1.011	 0.049	 41	 0.015	 0.1926	
-33	 1.003	 0.043	 41	 0.013	 1.011	 0.049	 43	 0.015	 0.4129	
-32	 0.998	 0.041	 46	 0.012	 1.012	 0.039	 43	 0.012	 0.0946	
-31	 0.999	 0.043	 52	 0.012	 1.012	 0.044	 45	 0.013	 0.1302	
-30	 0.998	 0.046	 56	 0.012	 1.010	 0.040	 46	 0.012	 0.1576	
-29	 1.000	 0.039	 63	 0.010	 1.010	 0.040	 49	 0.012	 0.1947	
-28	 1.004	 0.034	 70	 0.008	 1.007	 0.036	 49	 0.010	 0.6773	
-27	 1.004	 0.029	 75	 0.007	 1.005	 0.029	 50	 0.008	 0.7697	
-26	 1.004	 0.029	 78	 0.006	 1.000	 0.029	 52	 0.008	 0.4756	
-25	 0.998	 0.030	 82	 0.007	 1.003	 0.023	 55	 0.006	 0.3060	
-24	 1.000	 0.026	 92	 0.005	 1.004	 0.021	 56	 0.006	 0.3148	
-23	 0.999	 0.022	 98	 0.004	 1.004	 0.017	 56	 0.005	 0.1060	
-22	 0.997	 0.020	 102	 0.004	 1.001	 0.017	 59	 0.004	 0.1583	
-21	 0.999	 0.017	 106	 0.003	 1.000	 0.015	 61	 0.004	 0.6964	
-20	 1.000	 0.023	 108	 0.004	 0.998	 0.013	 62	 0.003	 0.3016	
-19	 1.002	 0.026	 108	 0.005	 0.998	 0.018	 62	 0.004	 0.2111	
-18	 1.003	 0.025	 108	 0.005	 0.997	 0.019	 62	 0.005	 0.0981	
-17	 1.000	 0.027	 108	 0.005	 0.996	 0.023	 62	 0.006	 0.2821	
-16	 1.003	 0.034	 108	 0.006	 0.998	 0.025	 62	 0.006	 0.3277	
-15	 0.999	 0.036	 108	 0.007	 0.993	 0.030	 62	 0.008	 0.2785	
-14	 0.999	 0.033	 108	 0.006	 0.991	 0.034	 62	 0.009	 0.1327	
-13	 0.993	 0.039	 108	 0.007	 0.985	 0.034	 62	 0.009	 0.1863	
-12	 0.990	 0.041	 108	 0.008	 0.986	 0.035	 62	 0.009	 0.4769	
-11	 0.989	 0.045	 108	 0.009	 0.984	 0.037	 62	 0.009	 0.4246	
-10	 0.983	 0.047	 108	 0.009	 0.981	 0.038	 62	 0.010	 0.7482	
-9	 0.974	 0.045	 108	 0.009	 0.981	 0.040	 62	 0.010	 0.2574	
-8	 0.973	 0.049	 108	 0.009	 0.980	 0.042	 62	 0.011	 0.2999	
-7	 0.968	 0.044	 108	 0.008	 0.981	 0.044	 62	 0.011	 0.0659	
-6	 0.968	 0.050	 108	 0.010	 0.975	 0.049	 62	 0.012	 0.3721	
-5	 0.964	 0.051	 108	 0.010	 0.973	 0.048	 62	 0.012	 0.2950	
-4	 0.962	 0.053	 108	 0.010	 0.971	 0.049	 62	 0.012	 0.2426	
-3	 0.952	 0.049	 108	 0.009	 0.972	 0.049	 62	 0.012	 0.0117	
-2	 0.950	 0.051	 108	 0.010	 0.969	 0.049	 62	 0.012	 0.0177	






















-35	 0.987	 0.053	 24	 0.023	 1.000	 0.056	 69	 0.014	 0.3274	
-34	 0.994	 0.055	 29	 0.021	 1.007	 0.053	 72	 0.012	 0.2756	
-33	 1.003	 0.043	 41	 0.013	 0.999	 0.054	 73	 0.013	 0.6521	
-32	 0.998	 0.041	 46	 0.012	 1.000	 0.058	 76	 0.013	 0.8246	
-31	 0.999	 0.043	 52	 0.012	 0.993	 0.059	 82	 0.013	 0.5327	
-30	 0.998	 0.046	 56	 0.012	 0.997	 0.049	 86	 0.011	 0.9368	
-29	 1.000	 0.039	 63	 0.010	 1.004	 0.050	 89	 0.011	 0.5209	
-28	 1.004	 0.034	 70	 0.008	 0.998	 0.046	 91	 0.009	 0.3638	
-27	 1.004	 0.029	 75	 0.007	 1.000	 0.051	 94	 0.011	 0.6084	
-26	 1.004	 0.029	 78	 0.006	 1.002	 0.046	 97	 0.009	 0.7189	
-25	 0.998	 0.030	 82	 0.007	 1.001	 0.039	 98	 0.008	 0.6347	
-24	 1.000	 0.026	 92	 0.005	 0.997	 0.039	 99	 0.008	 0.5185	
-23	 0.999	 0.022	 98	 0.004	 1.007	 0.042	 100	 0.008	 0.0938	
-22	 0.997	 0.020	 102	 0.004	 1.009	 0.041	 100	 0.008	 0.0109	
-21	 0.999	 0.017	 106	 0.003	 1.002	 0.033	 101	 0.006	 0.5050	
-20	 1.000	 0.023	 108	 0.004	 1.000	 0.035	 101	 0.007	 0.8376	
-19	 1.002	 0.026	 108	 0.005	 0.995	 0.034	 101	 0.007	 0.0876	
-18	 1.003	 0.025	 108	 0.005	 0.996	 0.035	 101	 0.007	 0.0793	
-17	 1.000	 0.027	 108	 0.005	 0.995	 0.036	 101	 0.007	 0.2382	
-16	 1.003	 0.034	 108	 0.006	 0.998	 0.049	 101	 0.010	 0.3895	
-15	 0.999	 0.036	 108	 0.007	 0.999	 0.050	 101	 0.010	 0.9415	
-14	 0.999	 0.033	 108	 0.006	 0.995	 0.049	 101	 0.010	 0.5410	
-13	 0.993	 0.039	 108	 0.007	 0.986	 0.048	 101	 0.009	 0.2342	
-12	 0.990	 0.041	 108	 0.008	 0.985	 0.053	 101	 0.010	 0.4435	
-11	 0.989	 0.045	 108	 0.009	 0.989	 0.043	 101	 0.008	 0.9123	
-10	 0.983	 0.047	 108	 0.009	 0.991	 0.048	 101	 0.010	 0.2173	
-9	 0.974	 0.045	 108	 0.009	 0.987	 0.050	 101	 0.010	 0.0363	
-8	 0.973	 0.049	 108	 0.009	 0.988	 0.055	 101	 0.011	 0.0389	
-7	 0.968	 0.044	 108	 0.008	 0.986	 0.050	 101	 0.010	 0.0056	
-6	 0.968	 0.050	 108	 0.010	 0.986	 0.053	 101	 0.010	 0.0154	
-5	 0.964	 0.051	 108	 0.010	 0.975	 0.049	 101	 0.010	 0.1230	
-4	 0.962	 0.053	 108	 0.010	 0.979	 0.054	 101	 0.011	 0.0197	
-3	 0.952	 0.049	 108	 0.009	 0.975	 0.055	 101	 0.011	 0.0014	
-2	 0.950	 0.051	 108	 0.010	 0.971	 0.057	 101	 0.011	 0.0050	























-35	 0.987	 0.053	 24	 0.023	 0.991	 0.070	 53	 0.019	 0.7676	
-34	 0.994	 0.055	 29	 0.021	 0.984	 0.060	 61	 0.015	 0.4392	
-33	 1.003	 0.043	 41	 0.013	 0.999	 0.063	 65	 0.016	 0.6814	
-32	 0.998	 0.041	 46	 0.012	 0.998	 0.053	 66	 0.013	 0.9836	
-31	 0.999	 0.043	 52	 0.012	 0.984	 0.052	 66	 0.013	 0.0955	
-30	 0.998	 0.046	 56	 0.012	 1.004	 0.047	 66	 0.011	 0.4339	
-29	 1.000	 0.039	 63	 0.010	 0.995	 0.057	 69	 0.014	 0.5600	
-28	 1.004	 0.034	 70	 0.008	 0.997	 0.042	 70	 0.010	 0.2612	
-27	 1.004	 0.029	 75	 0.007	 0.999	 0.053	 71	 0.013	 0.5535	
-26	 1.004	 0.029	 78	 0.006	 0.995	 0.048	 71	 0.011	 0.1811	
-25	 0.998	 0.030	 82	 0.007	 1.004	 0.049	 75	 0.011	 0.4397	
-24	 1.000	 0.026	 92	 0.005	 1.000	 0.041	 77	 0.009	 0.9947	
-23	 0.999	 0.022	 98	 0.004	 1.003	 0.039	 79	 0.009	 0.3812	
-22	 0.997	 0.020	 102	 0.004	 0.990	 0.042	 80	 0.009	 0.1573	
-21	 0.999	 0.017	 106	 0.003	 0.993	 0.032	 80	 0.007	 0.1331	
-20	 1.000	 0.023	 108	 0.004	 0.998	 0.038	 80	 0.008	 0.6136	
-19	 1.002	 0.026	 108	 0.005	 1.001	 0.041	 80	 0.009	 0.8319	
-18	 1.003	 0.025	 108	 0.005	 1.007	 0.042	 80	 0.009	 0.4176	
-17	 1.000	 0.027	 108	 0.005	 1.004	 0.041	 80	 0.009	 0.4452	
-16	 1.003	 0.034	 108	 0.006	 0.996	 0.044	 80	 0.010	 0.2604	
-15	 0.999	 0.036	 108	 0.007	 0.997	 0.047	 80	 0.011	 0.7270	
-14	 0.999	 0.033	 108	 0.006	 1.000	 0.046	 80	 0.010	 0.8432	
-13	 0.993	 0.039	 108	 0.007	 1.006	 0.048	 80	 0.011	 0.0460	
-12	 0.990	 0.041	 108	 0.008	 0.994	 0.056	 80	 0.013	 0.6048	
-11	 0.989	 0.045	 108	 0.009	 0.996	 0.049	 80	 0.011	 0.3334	
-10	 0.983	 0.047	 108	 0.009	 0.992	 0.054	 80	 0.012	 0.2404	
-9	 0.974	 0.045	 108	 0.009	 0.993	 0.051	 80	 0.011	 0.0067	
-8	 0.973	 0.049	 108	 0.009	 0.993	 0.051	 80	 0.011	 0.0081	
-7	 0.968	 0.044	 108	 0.008	 0.984	 0.057	 80	 0.013	 0.0390	
-6	 0.968	 0.050	 108	 0.010	 0.978	 0.051	 80	 0.011	 0.2000	
-5	 0.964	 0.051	 108	 0.010	 0.980	 0.061	 80	 0.014	 0.0704	
-4	 0.962	 0.053	 108	 0.010	 0.981	 0.060	 80	 0.013	 0.0237	
-3	 0.952	 0.049	 108	 0.009	 0.974	 0.060	 80	 0.013	 0.0077	
-2	 0.950	 0.051	 108	 0.010	 0.961	 0.063	 80	 0.014	 0.2110	






















-35	 0.990	 0.062	 61	 0.016	 0.984	 0.064	 63	 0.016	 0.6139	
-34	 0.987	 0.051	 65	 0.013	 1.001	 0.059	 66	 0.014	 0.1709	
-33	 0.992	 0.061	 65	 0.015	 0.980	 0.062	 71	 0.015	 0.2486	
-32	 0.995	 0.055	 65	 0.014	 0.985	 0.063	 74	 0.015	 0.3256	
-31	 0.999	 0.051	 67	 0.013	 0.994	 0.063	 75	 0.015	 0.6135	
-30	 0.994	 0.051	 70	 0.012	 0.990	 0.054	 76	 0.012	 0.6364	
-29	 1.000	 0.049	 71	 0.012	 0.989	 0.058	 81	 0.013	 0.2226	
-28	 1.001	 0.046	 72	 0.011	 0.995	 0.058	 82	 0.013	 0.4602	
-27	 0.992	 0.052	 73	 0.012	 0.987	 0.062	 85	 0.013	 0.5939	
-26	 0.992	 0.055	 75	 0.013	 0.993	 0.054	 89	 0.011	 0.9619	
-25	 0.992	 0.049	 75	 0.011	 0.999	 0.052	 92	 0.011	 0.3809	
-24	 0.994	 0.044	 80	 0.010	 0.991	 0.047	 96	 0.009	 0.7106	
-23	 0.994	 0.033	 82	 0.007	 0.989	 0.040	 96	 0.008	 0.3459	
-22	 1.000	 0.039	 85	 0.008	 0.998	 0.044	 97	 0.009	 0.7245	
-21	 1.009	 0.042	 85	 0.009	 1.001	 0.045	 99	 0.009	 0.1919	
-20	 1.002	 0.037	 87	 0.008	 0.998	 0.044	 99	 0.009	 0.5249	
-19	 1.000	 0.046	 87	 0.010	 1.010	 0.041	 99	 0.008	 0.1199	
-18	 1.003	 0.043	 87	 0.009	 1.006	 0.050	 99	 0.010	 0.7132	
-17	 1.005	 0.045	 87	 0.010	 1.008	 0.050	 99	 0.010	 0.6077	
-16	 0.996	 0.042	 87	 0.009	 1.004	 0.058	 99	 0.011	 0.2470	
-15	 1.002	 0.048	 87	 0.010	 1.001	 0.056	 99	 0.011	 0.9154	
-14	 1.002	 0.056	 87	 0.012	 0.999	 0.053	 99	 0.011	 0.7631	
-13	 0.993	 0.042	 87	 0.009	 1.001	 0.061	 99	 0.012	 0.3326	
-12	 0.987	 0.052	 87	 0.011	 0.992	 0.053	 99	 0.011	 0.5119	
-11	 0.998	 0.057	 87	 0.012	 0.995	 0.062	 99	 0.012	 0.7148	
-10	 0.992	 0.053	 87	 0.011	 0.996	 0.069	 99	 0.014	 0.5956	
-9	 0.983	 0.053	 87	 0.011	 0.987	 0.068	 99	 0.013	 0.7286	
-8	 0.983	 0.050	 87	 0.011	 0.988	 0.060	 99	 0.012	 0.5973	
-7	 0.979	 0.061	 87	 0.013	 0.987	 0.063	 99	 0.013	 0.3824	
-6	 0.975	 0.061	 87	 0.013	 0.985	 0.057	 99	 0.011	 0.2618	
-5	 0.971	 0.060	 87	 0.013	 0.996	 0.071	 99	 0.014	 0.0111	
-4	 0.966	 0.068	 87	 0.015	 0.988	 0.077	 99	 0.015	 0.0391	
-3	 0.957	 0.065	 87	 0.014	 0.986	 0.070	 99	 0.014	 0.0037	
-2	 0.956	 0.061	 87	 0.013	 0.988	 0.071	 99	 0.014	 0.0011	

























-35	 0.988	 0.065	 46	 0.019	 0.985	 0.071	 39	 0.023	 0.8244	
-34	 0.991	 0.058	 46	 0.017	 0.999	 0.059	 40	 0.019	 0.5261	
-33	 0.999	 0.059	 48	 0.017	 0.989	 0.057	 40	 0.018	 0.4472	
-32	 0.997	 0.064	 48	 0.018	 1.005	 0.055	 41	 0.017	 0.5723	
-31	 0.990	 0.049	 49	 0.014	 0.998	 0.059	 43	 0.018	 0.4600	
-30	 1.003	 0.046	 54	 0.013	 0.995	 0.059	 44	 0.018	 0.4857	
-29	 1.006	 0.050	 56	 0.013	 1.002	 0.063	 46	 0.019	 0.7461	
-28	 0.993	 0.052	 57	 0.014	 0.998	 0.046	 47	 0.013	 0.6319	
-27	 1.007	 0.052	 58	 0.014	 0.993	 0.057	 50	 0.016	 0.1723	
-26	 1.006	 0.048	 59	 0.013	 0.993	 0.053	 52	 0.015	 0.1646	
-25	 1.006	 0.047	 59	 0.012	 0.996	 0.043	 55	 0.012	 0.2399	
-24	 0.997	 0.043	 61	 0.011	 0.991	 0.042	 55	 0.011	 0.4673	
-23	 1.001	 0.042	 62	 0.011	 0.993	 0.039	 56	 0.010	 0.2521	
-22	 0.988	 0.042	 63	 0.011	 1.007	 0.045	 57	 0.012	 0.0177	
-21	 1.000	 0.041	 63	 0.010	 1.003	 0.040	 60	 0.010	 0.6303	
-20	 0.994	 0.046	 64	 0.011	 1.000	 0.041	 61	 0.010	 0.4594	
-19	 1.005	 0.046	 64	 0.012	 1.003	 0.043	 61	 0.011	 0.7190	
-18	 0.999	 0.041	 64	 0.010	 0.996	 0.044	 61	 0.011	 0.6688	
-17	 1.010	 0.046	 64	 0.011	 1.010	 0.055	 61	 0.014	 0.9611	
-16	 0.998	 0.051	 64	 0.013	 0.994	 0.052	 61	 0.013	 0.6741	
-15	 0.993	 0.065	 64	 0.016	 0.994	 0.056	 61	 0.014	 0.9488	
-14	 0.999	 0.062	 64	 0.015	 0.996	 0.046	 61	 0.012	 0.7487	
-13	 0.989	 0.061	 64	 0.015	 0.998	 0.052	 61	 0.013	 0.3873	
-12	 0.990	 0.053	 64	 0.013	 1.007	 0.057	 61	 0.015	 0.0864	
-11	 0.984	 0.062	 64	 0.015	 0.999	 0.059	 61	 0.015	 0.1731	
-10	 0.986	 0.063	 64	 0.016	 1.001	 0.067	 61	 0.017	 0.2058	
-9	 0.982	 0.070	 64	 0.018	 0.986	 0.055	 61	 0.014	 0.7358	
-8	 0.978	 0.068	 64	 0.017	 0.984	 0.058	 61	 0.015	 0.5876	
-7	 0.990	 0.061	 64	 0.015	 0.993	 0.061	 61	 0.016	 0.7837	
-6	 0.974	 0.066	 64	 0.016	 0.973	 0.064	 61	 0.016	 0.9629	
-5	 0.966	 0.065	 64	 0.016	 0.964	 0.063	 61	 0.016	 0.8706	
-4	 0.964	 0.067	 64	 0.017	 0.974	 0.071	 61	 0.018	 0.4036	
-3	 0.964	 0.061	 64	 0.015	 0.961	 0.060	 61	 0.015	 0.8167	
-2	 0.964	 0.073	 64	 0.018	 0.978	 0.065	 61	 0.017	 0.2471	
























-35	 0.988	 0.065	 46	 0.019	 0.993	 0.068	 45	 0.020	 0.7398	
-34	 0.991	 0.058	 46	 0.017	 1.005	 0.072	 49	 0.021	 0.3168	
-33	 0.999	 0.059	 48	 0.017	 1.001	 0.064	 52	 0.018	 0.8614	
-32	 0.997	 0.064	 48	 0.018	 1.008	 0.077	 54	 0.021	 0.4279	
-31	 0.990	 0.049	 49	 0.014	 0.999	 0.064	 54	 0.018	 0.4027	
-30	 1.003	 0.046	 54	 0.013	 1.009	 0.070	 57	 0.019	 0.6008	
-29	 1.006	 0.050	 56	 0.013	 0.991	 0.077	 59	 0.020	 0.2151	
-28	 0.993	 0.052	 57	 0.014	 0.993	 0.066	 61	 0.017	 0.9847	
-27	 1.007	 0.052	 58	 0.014	 0.986	 0.072	 63	 0.018	 0.0619	
-26	 1.006	 0.048	 59	 0.013	 0.991	 0.067	 63	 0.017	 0.1620	
-25	 1.006	 0.047	 59	 0.012	 0.995	 0.046	 65	 0.011	 0.1925	
-24	 0.997	 0.043	 61	 0.011	 0.999	 0.051	 65	 0.013	 0.8738	
-23	 1.001	 0.042	 62	 0.011	 0.993	 0.036	 66	 0.009	 0.2154	
-22	 0.988	 0.042	 63	 0.011	 1.002	 0.040	 67	 0.010	 0.0458	
-21	 1.000	 0.041	 63	 0.010	 0.993	 0.042	 67	 0.010	 0.3919	
-20	 0.994	 0.046	 64	 0.011	 1.004	 0.040	 70	 0.009	 0.1952	
-19	 1.005	 0.046	 64	 0.012	 1.003	 0.043	 72	 0.010	 0.8004	
-18	 0.999	 0.041	 64	 0.010	 1.003	 0.043	 72	 0.010	 0.6202	
-17	 1.010	 0.046	 64	 0.011	 1.007	 0.044	 72	 0.010	 0.7250	
-16	 0.998	 0.051	 64	 0.013	 1.007	 0.056	 72	 0.013	 0.3246	
-15	 0.993	 0.065	 64	 0.016	 1.003	 0.061	 72	 0.014	 0.3639	
-14	 0.999	 0.062	 64	 0.015	 1.006	 0.064	 72	 0.015	 0.5108	
-13	 0.989	 0.061	 64	 0.015	 0.995	 0.064	 72	 0.015	 0.5634	
-12	 0.990	 0.053	 64	 0.013	 0.999	 0.060	 72	 0.014	 0.3383	
-11	 0.984	 0.062	 64	 0.015	 0.990	 0.072	 72	 0.017	 0.6131	
-10	 0.986	 0.063	 64	 0.016	 1.002	 0.074	 72	 0.017	 0.1799	
-9	 0.982	 0.070	 64	 0.018	 0.999	 0.067	 72	 0.016	 0.1449	
-8	 0.978	 0.068	 64	 0.017	 0.982	 0.069	 72	 0.016	 0.7184	
-7	 0.990	 0.061	 64	 0.015	 0.986	 0.075	 72	 0.018	 0.7873	
-6	 0.974	 0.066	 64	 0.016	 0.979	 0.078	 72	 0.018	 0.6580	
-5	 0.966	 0.065	 64	 0.016	 0.958	 0.068	 72	 0.016	 0.4900	
-4	 0.964	 0.067	 64	 0.017	 0.972	 0.070	 72	 0.016	 0.4917	
-3	 0.964	 0.061	 64	 0.015	 0.956	 0.074	 72	 0.017	 0.5289	
-2	 0.964	 0.073	 64	 0.018	 0.944	 0.077	 72	 0.018	 0.1361	

























-35	 1.000	 0.070	 56	 0.019	 0.982	 0.060	 44	 0.018	 0.1908	
-34	 0.991	 0.056	 61	 0.014	 0.995	 0.068	 48	 0.020	 0.7459	
-33	 0.993	 0.057	 62	 0.014	 0.999	 0.055	 50	 0.016	 0.5786	
-32	 0.999	 0.056	 63	 0.014	 0.982	 0.051	 50	 0.015	 0.0957	
-31	 1.000	 0.050	 65	 0.012	 0.991	 0.059	 52	 0.017	 0.3756	
-30	 0.995	 0.061	 67	 0.015	 0.995	 0.057	 54	 0.016	 0.9888	
-29	 0.996	 0.051	 68	 0.012	 0.989	 0.054	 55	 0.015	 0.5055	
-28	 0.997	 0.050	 72	 0.012	 1.009	 0.059	 56	 0.016	 0.2141	
-27	 1.005	 0.056	 73	 0.013	 1.003	 0.053	 56	 0.014	 0.8500	
-26	 1.014	 0.064	 76	 0.015	 1.002	 0.041	 56	 0.011	 0.1813	
-25	 1.006	 0.044	 78	 0.010	 1.010	 0.048	 58	 0.013	 0.5873	
-24	 1.005	 0.043	 78	 0.010	 0.996	 0.037	 59	 0.010	 0.1873	
-23	 0.991	 0.036	 78	 0.008	 0.997	 0.039	 60	 0.010	 0.3659	
-22	 1.004	 0.039	 80	 0.009	 1.000	 0.042	 60	 0.011	 0.5657	
-21	 1.004	 0.037	 80	 0.008	 1.000	 0.033	 62	 0.008	 0.4713	
-20	 0.992	 0.040	 81	 0.009	 0.997	 0.045	 62	 0.011	 0.5252	
-19	 0.997	 0.044	 81	 0.010	 1.002	 0.045	 62	 0.011	 0.4661	
-18	 0.995	 0.035	 81	 0.008	 1.002	 0.044	 62	 0.011	 0.2607	
-17	 1.006	 0.046	 81	 0.010	 0.996	 0.041	 62	 0.010	 0.1575	
-16	 1.001	 0.046	 81	 0.010	 1.005	 0.053	 62	 0.013	 0.6736	
-15	 1.005	 0.056	 81	 0.012	 1.008	 0.047	 62	 0.012	 0.7554	
-14	 0.995	 0.049	 81	 0.011	 1.007	 0.055	 62	 0.014	 0.1730	
-13	 0.995	 0.057	 81	 0.013	 0.996	 0.057	 62	 0.014	 0.8561	
-12	 0.999	 0.054	 81	 0.012	 1.001	 0.057	 62	 0.014	 0.8319	
-11	 1.005	 0.058	 81	 0.013	 1.002	 0.054	 62	 0.014	 0.7578	
-10	 0.991	 0.058	 81	 0.013	 0.983	 0.060	 62	 0.015	 0.3929	
-9	 1.000	 0.071	 81	 0.016	 0.988	 0.056	 62	 0.014	 0.2766	
-8	 0.982	 0.061	 81	 0.013	 0.981	 0.059	 62	 0.015	 0.8997	
-7	 0.982	 0.058	 81	 0.013	 0.986	 0.058	 62	 0.015	 0.6684	
-6	 0.982	 0.060	 81	 0.013	 0.990	 0.064	 62	 0.016	 0.4136	
-5	 0.969	 0.063	 81	 0.014	 0.970	 0.064	 62	 0.016	 0.9137	
-4	 0.965	 0.056	 81	 0.012	 0.971	 0.068	 62	 0.017	 0.5865	
-3	 0.970	 0.062	 81	 0.014	 0.967	 0.065	 62	 0.016	 0.7676	
-2	 0.970	 0.076	 81	 0.017	 0.968	 0.071	 62	 0.018	 0.8973	
-1	 0.949	 0.075	 81	 0.017	 0.959	 0.074	 62	 0.019	 0.4326	
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